Research on medical images becomes one of the studies that attracted many researchers, because it can help medical field to analyse the disease. One of the existing research in medical image is using dental panoramic radiographs image to detect osteoporosis. The analysed area is the width of cortical bone. Determination of the cortical bone width requires proper segmentation on the dental panoramic radiographs image. This study proposed the integration of watershed and region merging method based on statistical features for cortical bone segmentation on dental panoramic radiographs. Watershed segmentation process perform using gradient magnitude value from the input image. The watershed image that has excess segmentation can be solved by region merging based on statistical features. Statistical features used in this study is mean, standard deviation, and variance. The similarity of adjacent regions measure with weighted Euclidean distance from the statistical feature of the regions. Merging process will run by incorporating the background regions as many as possible, while keeping the object regions from being merged. Results of segmentation has succeeded in forming contour of the cortical bone. The average value of accuracy is 93.211%, the average value of sensitivity is 93.858%, and the average value of specificity is 93.071%.
Introduction
Patients with osteoporosis always increase every year. In 2000 the number of people with osteoporosis reached 9 million and is estimated to increase to 50 million people [1] . Osteoporosis is a skeletal disorder characterized by decrease in bone mass and micro-architectural damage to the bone tissue causing bone fragility and susceptibility to fracture [2] . Diagnosis of osteoporosis is largely based on the measurement of Bone Mineral Density (BMD) using Dual Energy X-ray Absorptiometry (DXA) scanner on the spine or thighs [3] . However, the availability of DXA equipment is still limited to identify a large segment of individuals with undetected osteoporosis [4] . Besides using DXA, the other osteoporosis disease detection can be performed using dental panoramic radiographs. Arifin et al. [5] conducted research by using dental panoramic radiographs to diagnose osteoporosis. That study develop a computer-aided system to automatically measure the width of the mandibular inferior cortex and then look for correlation to BMD which is measured by DXA on the spine and thigh.
Areas that are used in dental panoramic radiographs to detect osteoporosis is on the cortical bone. The detection is done by measuring the width of the cortical bone area. Cortical bone width measurements can be performed using segmentation method, one of the mathematical morphology methods are very popular for grayscale image segmentation is the watershed. Research on dental panoramic radiographs by Wahyudi et al. [6] and Indriyani et al. [7] were done by using a watershed method. In those studies a segmentation is performed on the cortical bone using watershed that integrate with the active contour. Research by Wahyudi et al. [6] using the active contour GGVF snake while research by Indriyani et al. using the level set based active contour. Watershed has advantages can generate a closed contour with a thickness of one pixel. While on active contour can detect the boundary of the object and move dynamically from an initial position towards the expected object.
Segmentation on the cortical bone by using watershed method is still producing region that cannot directly represent the shape of object and the background. This weakness for over segmentation, causing the result cannot be maximal. Because of that weakness, previous research used region merging method which still produce a lot of regions, at least more than one region. Ning et al. [8] proposed a method of region merging called MRSM. This method can produce a region that directly represent the shape of the object and the background. MRSM combining the region by using the color histogram similarities of each region. User only need some strokes as input to identify initial object regions and background regions.
The image of dental panoramic radiographs are a result from X-ray is a grayscale image so the MRSM method cannot be applied with dental panoramic radiographs because region merging on the MRSM is performed on color histogram. Therefore we need a new method of region merging which can directly represent the object and the background and can be used for grayscale images.
This study proposed the integration of watershed and region merging method based on statistical features for segmentation of cortical bone on dental panoramic radiographs. The proposed region merging method based on statistical features. Furthermore, the similarity between regions will be calculated by using weighted Euclidean distance. Merging process will be run by incurporating the background regions as many as possible while keep the object regions from being merged. The rest of this paper is organized as follows: Section 2 presents details of the materials and methods. Section 3 presents the results and discussion. Section 4 concludes the paper. 
Methods
In this section we first describe the materials that we used. Details of the method will be described afterward.
Materials
The data used in this study is a sample image on cortical bone with resolution 256 x 256 pixels. The sample of cortical bone image is used with the assumption that the image has been taken in good condition, so it does not require image enhancement. The image used in this research is the X-Ray image of the teeth from 10 Japanese women. Data is taken randomly from patients undergoing DXA imaging in 1996 to 2001. From that 10 images, 10 cortical bone images on the left side and 10 cortical bone images on the right side will be obtained. The area which is taken as the sample can be seen in Figure 1 .
Methods
In this paper, we proposed integration of watershed and region merging method based on statistical features for cortical bone segmentation on dental panoramic radiographs. Schematic diagram of this study is including (i) cortical bone sampling on dental panoramic radiographs image (ii) the calculation of gradient magnitude (iii) watershed (iv) proposed region merging method. These steps can be seen in Figure 2 .
Gradient Magnitude
The process of gradient magnitude requires the input of cortical bone image. Calculation of gradient magnitude aims to provide better results for watershed process. It is because in the gradient image the boundaries of objects could be located on the ridges and taken as watershed pixels [9] . Gradient magnitude used in this study by using prewitt operator and morphological filtering. The prewitt operator is one of method that frequently used for edge detection and an appropriate way to estimate the magnitude [10] . Results from the gradient magnitude can be seen in Figure 3 .
Watershed
Watershed is the mathematical morphology based image segmentation. Watershed frequently constructed on gradient magnitude image [11] . The watershed process use result image from gradient magnitude process that have been calculated before. Segmentation results performed by the watershed have a lot of regions and can be seen in Figure 4. A region can be described in many aspects, such as the color, edge [12] , texture [13] , shape, and size of the region.
Proposed Region Merging
After watershed process produce regions, the regions must be merged because watershed segmentation often lead over segmentation. The merging needed to produce one region of object. In this step we enlarge the area of the regions by finding the similarity between the adjacent regions. The similarity of adjacent regions measure with weighted Euclidean distance from the statistical feature of the regions. Statistical features used in this study is mean, standard deviation, and variance.
, from equation (1) denotes the distance between the regions to region , whereas ∆ is the difference between the average of region and the region . ∆ is the difference between the variance of region and the region and then the difference between standard deviation is represented by ∆ . The value which we used in this study was obtained from the experimental results. Optimal weights for 1 = 0.3, 2 = 0.7, and 3 = 0. 1 The merging process on the proposed method uses the idea of the MSRM algorithm. User only need some strokes as input to identify initial object regions and background regions. It takes two strokes to the edges of objects and two strokes for background initialization area. Merging process starts on combining the background regions as many as possible while keeping object regions from being merged. For detail the merging process has two stages, it will be repeated until there is no region that need to merge. First stage is merge marker background with their adjacent regions. Adjacent regions that has the smallest distance will be combined first and then the new region will be combined with their adjacent region which has the smallest distance. The iteration stops when the whole marker background regions will not find a new merging regions.
The non-marker regions that remained from the first stage will be merge in the second stage. The non-marker object regions will be fused each other with the same rule as first stage. Regions will be merge with their adjacent that has the smallest distance will be combined first and then the new region will be combined with their adjacent regions which has the smallest distance. The fist and the second stage will be executed repeatedly until there is no new merger occurs. The whole algorithm can be described in algorithm 1.
The result of this algorithm is the image that has labelled one of two classes: the object or the background. Object and background initialization can be seen in Figure 5 (a) and 5 (b) and the merging process can be seen in Figure 6 (a) and 6 (b).
Results and Analysis
Cortical bone of 10 Japanese women were used to confirm the effectiveness of proposed method. Each subject consists a sample of cortical bone on the right and left side. Examples of image segmentation results can be seen in Figure 7 and Figure 8 .
To evaluate performance quantitatively of the proposed method, we are using accuracy, sensitivity, and specificity. Accuracy is the ratio of pixels that are correctly classified for the entire area of cortical bone. Sensitivity is the probability that the segmented pixels are the cortical bone. Specificity is the probability that the non-segmented pixels are detected as non-cortical bone. To calculate the accuracy, sensitivity, and specificity is presented by equation(2), equation (3), and equation (4).
In this study, the ground truth data is obtained from research by Wahyudi et al. [6] . True Posi- (TN) is a condition where the computer detection results are negative and match with the ground truth value that pixel of non-cortical bone is detected as non-cortical bone.
Experiments showed the segmentation that we have successfully formed cortical bone as expected without any form other regions. Table 1 contains the data from the right side of cortical bone and it can be seen that the highest accuracy on the right sample is 95.26% on the sample number 10 while the lowest accuracy is 90.66% on the sample number 4. The highest sensitivity is 99.35 % on the sample number 2 and the lowest is 85.50% on the sample number 7. The highest specificity is 95.07% on the sample number 10 while the lowest is 90.26% on the sample number 2. Table 2 contains the value of accuracy, sensitivity, and specificity from the left side of cortical bone. It can be seen that the highest accuracy is 95.04% possessed by samples number 5 and 9 while the lowest accuracy is 90.28% on the sample number 10. The best sensitivity is 99.98% on sample number 10 while the lowest sensitivity is 85.66% on the sample number 3. The highest specificity is 97.44% produced by the sample number 3 while the lowest is 87.89% on the samples number 10.
Comparison of accuracy, sensitivity and specificity with Wahyudi et al. [6] and Indriyani et al. [7] can be seen in Table 3 and 4. From the tables it can be seen that the value of accuracy and specificity of the proposed method has a lower value when compared to the other methods, but the sensitivity value of the proposed method has a better value than the method from Wahyudi et al. [6] . Accuracy and specificity is lower than previ-ous method because some of the non-cortical bone pixel are detected as segmented cortical bone. Borders of cortical bone on dental panoramic radio- [7] No Sample Accuracy (%) Sensitivity (%) Specificity (%)
Proposed method Wahyudi et al.
[6] Indriyani et al. [7] Proposed method Wahyudi et al.
[6] Indriyani et al.
[7] [7] No Sample Accuracy (%) Sensitivity (%) Specificity (%) Proposed method Wahyudi et al. [6] Indriyani et al. [7] Proposed method Wahyudi et al. [6] Indriyani et al. [7] Proposed method Wahyudi et al. [6] Indriyani et al. [7] graphs are not clear (blurred). Therefore, the statistical feature of blurred regions more similar to the object region rather than the background region so the blurred regions merged to object region. In the proposed method the formation of segmentation strongly influenced by the marker which is used for object and background initialization. This is because the similarity measurement between features used always choose the regions that have minimal similarities of statistical feature in the regions. So it is possible for the object regions merged with the background regions otherwise the background regions possible to merged with object regions. Table 5 gives the detail of average running time of proposed method compared with Wahyudi et al. and Indriyani et al., which are performed on a PC with i5-3230 M 2.60 GHz CPU and 4GB RAM. Seen from Table 5 the integration of watershed and region merging method based on statistical features has less running time than Wahyudi et al. [6] and Indriyani et al. [7] . The proposed method will further reduce complexity because there is no need for other methods such as active contour for improve the segmentation.
Conclusion
In this study the integration of watershed and region merging method based on statistical features for cortical bone segmentation on dental panoramic radiographs has been carried out. Statistical features that we used is mean, variance, and standard deviation. These features will be calculated for each region and then the similarity between regions will be calculated using weighted Euclidean distance. Based on experiments, segmentation results obtained have been success-fully formed contour of the cortical bone. The average value of the accuracy is 93.211%, the average value of sensitivity is 93.858%, and the average value of specificity is 93.071%. In the future there should be further research using more statistical features and calculating similarities with other methods. Future development on this method also can be done by improving the weight. It can be improved by using evolutionnary algorithm to determine the weight automatically.
